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Abstract. In the effort to a durable development, is put increasingly more emphasis on the 
reduction of pollution, of energy consumption, of carbon emissions for, both, private buildings and 
industrial buildings. One way to reduce this factor is the implementation of vertical vegetal walls 
with climbing plants or separated structures, so-called vertical gardens.The main aim of the research 
is to highlight the qualities of different types of vertical gardens existing in the market currently. 
The research focused on the advantages and disadvantages of vertical garden systems from technical 
and visually point of view. To provide a comprehensive overview about the influence of 
environmental factors on vertical systems, were monitored specially designed modules in order to 
observe the loss of water and the growth of plants used. Have been utilized 11 species of plants and 
9 planting substrate, different in terms of the degree of compaction. The test consisted of daily 
weighing of the evidence, for a period of two months (September and October 2011). The obtained 
results provide a comprehensive overview about the influence of environmental factors on vertical 
systems, on the loss of water and the growth of plants used in the construction of such systems. 
 




In Europe during the 1980s, an increasing interest has been shown for 
environmental issues, introducing a vision to restore nature in cities (Grant, 2006). In 
Germany, vines that cover the buildings with the help of various systems are currently 
common landscaping techniques. The basis of the research on the environmental 
performance of vertical systems has been developed in the last 20 years and also were 
published a substantial number of regulations and guidelines relating to this area (Newton 
et al., 2007). The city of Tokyo, Japan aims to reach 1200 hectares of rooftops gardens, 
while vertical garden systems have begun to generate interest and are presented to the 
developers, architects and builders (Dunnett & Kingsbury, 2008). At the exposition Expo in 
Japan, 2005 was introduced the concept of "Bio-lung" to demonstrate the role of vertical 
arrangements to improve air quality in urban areas (Japan Association For The 2005 World 
Exposition, 2005). Reintroduction of the vegetation in urban areas is correlated with the 
reduction of the emissions and of the energy consumption. Green exteriors of the buildings 
are considered by many commentators including Johnson (2004), Osmundson (1999), 
Oberndorfer (2007) and by those who implemented these types of facilities (Yeang, 1994). 
They assess and appreciate the benefits of green walls, that help improve the environment 
around or inside buildings (Oberndorfer, 2007). A large part of the published work on this 
subject have their origin in Germany, this observation supports the idea that it is appropriate to 
extend the research relating to all aspects of vertical gardens technology and its applications 
elsewhere in the world (Kohler, 2008). The paper is focused on the study of several types 
Agricultura – Ştiinţă şi practică                                         no. 1- 2(89-90)/2014                                         Agriculture - Science and Practice  
- 138 - 
 
of substrates for vertical gardens and aims to determine the water losses. This will establish 
the best substrate for its use in the storm water management.  
 
MATERIAL AND METHOD  
 
 The research was conducted at the University of Applied Sciences, 
Neubrandenburg, Germany. To highlight the influence of environmental factors on vertical 
walls were used three types of materials: Fytofoam, Recticel and Spagnum. For each type 
of substrate has been taken four samples to research. The samples differ in terms of the 
density of vegetation planting as follows: sample no. 1 - module with substrate without 
vegetal material (control sample); sample no. 2 and sample no. 3 – module with substrate 
and vegetation planted rarely; sample no. 4 – module with substrate and vegetation dense 



















Fig. 1. The density of vegetation planting and type of module used in experiment 
 
The plant species used in this experiment are the following: Gaultheria 
decumbens, Waldsteinia geoides, Lavandula officinalis, Vinca minor, Bergenia, 
Alchemilla, Buxus sempervirens, Sedum, Euonymus, Arctostaphylus uva ursi, and Calluna 
vulgaris. The three types of substrate can be divided into: anorganic and organic substrates. 
The test consisted of daily weighing of the samples, for a period of two months (September 
and October 2011). After this period the recorded data were correlated with the climate 
data related to temperature, precipitation and solar radiation in order to follow the loss of 
water and their connection with the environment. The first tests were performed to follow 
the loss of water. To recorded data relating to weight modules, they were weighed 
manually every day during September-October, 2011. The amount of precipitation at the 
soil level was measured manually using a rain gauge. For recording climate data used in 
this experiment was used the instrument Log32 for measuring the temperature and relative 
humidity. The substrates were placed in a thin layer of felt this having only supporting 
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role, then they were placed in metal boxes with water drainage areas (Fig. 2). Weight 
evolution was monitored during September and October 2011, and measurements were 
made daily between 16:00 and 17:00, as the difference between weighings was constant. 
During the measurements it was necessary intervening, in September, with manually 













Fig. 2. Rain gauge, Log32 and metallic stand for modules support 
 
The amount of water manually administered was 1 liter of water/module. Were 
followed climatic factors such as temperature, solar radiation, wind and rainfall. The 
precipitations was monitored both at soi level and using the meteorological station of the 
University of Applied Sciences Neubrandenburg. The collected data were introduced in 
Microsoft Excel, and were converted into liter/square meter or liter/cm, and then were 
added for each day the climatic data. Graphics were created to better observe the 
differences in weight of the samples. Analysis of pH and of the electrical conductivity 
analysis were conducted under laboratory conditions, using special equipment. For the 
experiment were used used the following: pH meter, electrical conductivity measuring 
device, Berzelius glass and grade beakers. For these measurements were collected 100 g 
samples of each type of substrate, the samples were then placed in the Berzelius beaker. A 
quantity 0f 50 ml of water was added over the substrate, and then they were tested for pH 
and electric conductivity. After preparation of the samples was tested the pH using WTW 
pH 540 GLP by introducing the probe in the glass. The probe was left in each sample one 
minute in order to stabilize the pH value. This action was repeated for each type of 
substrate. Electrical conductivity measurement was done in the same time with pH 
measurement using the device PHYWE, inserting the probe into the cup for each sample 









Fig. 3. Equipment used in the analysis of pH and of the electrical conductivity  
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RESULTS AND DISCUSSION 
 
The obtained results provide a comprehensive overview about the influence of 
environmental factors on vertical systems, on the loss of water and the growth of plants 
used in the construction of such systems. The results relating to climate factors followed 
during the experiment show that regarding the climate condition: 
 The maximum  temperature for September was 18,3 C and the minimum was 
11,7 C. For October, the maximum temperature was 17,8 C, and the minimum was 
4,5 C. Maximum solar radiation recorded for September was 175,25 W/m
2
, while 
the minimum was 47,21 W/m
2
. For October, the maximum solar radiation was 
155,26 W/m
2
, and the minimum was 33,44 W/m
2
.  
 The data recorded for the intensity of the wind, in September were as follows: 
maximum 3,16 m/s, and the minimum 0,12 m/s. For October, the maximum was 
2,97 m/s, while the minimum of 0,006 m/s.  
 Maximum rainfall recorded for September was: 8 mm/m2. For October, the 
maximum rainfall was 7 mm/m
2
. 
Regarding the electrical conductivity of the studied substrates, the results show 
that the higher value of EC was at "Recticel" substrate (565 mS), and the lowest value was 
measured at Fytofoam (85,7 mS). Electrical conductivity influence the accessibility of 
nutrients. The optimum value is between 200 mS/cm to 1200 mS/cm. If the value is less 
than 200 mS/cm means that there are not enough nutrients available. A value over 1200 
mS/cm may indicate too much salt in the substrate (http://www.agriculturesolutions.com). 




The results of the test conducted to determine the pH and electric conductivity of the studied 
substrates  
Substrate E.C. pH 
Fytofoam 85,7 7,68 
Recticel 565 7,91 
Spagnum 280 6,8 
 
The pH values are very important for plant nutrition. They directly affect the 
amounts of nutrients available for plants, especially the micronutrients. Low or high pH 
should be avoided (Whipker et al., 2001). In the figures 4, 5 and 6 is observed the loss of 
water over a period of 24 hours. This was calculated from the difference in weight of the 
samples in this period. In all three examples the weight of the samples without plants is 
less than the samples with plant. Significant differences occur during rainy periods when 
samples with plant retain more water. Samples "Rectycel" have the smallest difference in 
weight for rainy days, when samples "Fytofoam" and "Spagnum" shows noticeable 
differences. Thus, the results show that the substrate "Rectycel" retain the smallest amount 
of water while substrates "Fytofoam" and "Spagnum" hold large amounts of water. Water 
losses are greater in the substrate "Rectycel". It can be mention that during the analyzed 
period were two precipitation events, and in September was needed manual irrigation due 
to lack of rainfall. During the periods of heavy precipitation, the maximum amount of 
water was 8 mm, and in the case of manual irrigation was added 1 L of water for each 
sample. 
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Fig. 4. „Rectycel” sample without and with plants (September – Octomber, 2011) 
 
 
















Fig. 6.  „Spagnum” sample without and with plants (September – Octomber, 2011) 
In the figures 4, 5 and 6 can be observed that a decisive influence on losses and 






























Spagnum with plants 
(D) 
Spagnum without plants 
(D) 
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substrate, this contributes to water retention from rainfall or irrigation and thus to reuse it. 
Regarding the effect of temperature on water loss is not observed major differences during 




The currently commercialised systems offer a wide range of possibilities from 
point of view of the modules form and in terms of the substrate or plant species. Water 
losses from substrates used in the vertical gardens systems are influenced by 
environmental conditions, existing physical characteristics and have influence on the 
development of used plant species. In the selection of substrates for vertical garden is 
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